ABSTRACT OBJECTIVE: Thrombus in the stump of the pulmonary vein (PV) is not a well-known complication after lung resection, and it has the potential to cause embolism to vital organs. To clarify the frequency, risk factors, and cause of this complication, a retrospective clinical study of patients who underwent lobectomy was performed.
INTRODUCTION
We have previously reported 3 cases of patients who were found to have thrombus in the stump of the pulmonary vein (PV) after left upper lobectomy (LUL) [1] , one of whom developed lethal cerebral infarction. There have been only 6 reported cases with a thrombus in the PV stump after lobectomy [2] [3] [4] .
A thrombus in the PV stump is very rare [1] [2] [3] [4] , and it is likely to result in a bad outcome because it can easily enter the systemic circulation and cause embolism to vital organs such as the brain, kidney, and intestines. Of the previously reported 6 cases including ours, 4 developed embolism, 1 developed cerebral infarction, 1 developed renal infarction, 1 developed a transient ischemic heart attack, and 1 developed acute obstruction of the external iliac artery [1] [2] [3] [4] . Although there was no radiological proof of the thrombus in the PV stump, there have been 3 reported cases that developed embolism to other vital organs in the early postoperative period after lobectomy [5, 6] .
All 9 previously reported cases with proven or suspected thrombus in the PV stump occurred after LUL [1] [2] [3] [4] [5] .
Therefore, we hypothesized that LUL is a risk factor for thrombus in the PV stump and embolism to vital organs after lung resection. Since there have been no clinical studies of thrombus in the PV stump after lung resection, its frequency, risk factors, and possible causes remain to be elucidated. To clarify these issues, the clinical data of post-lobectomy patients were reviewed retrospectively.
PATIENTS AND METHODS

Patients
Of 234 consecutive patients with primary lung cancer who underwent lobectomy from July 2005 to May 2011 who were followed postoperatively at Hokkaido University Hospital, 193 who underwent contrast-enhanced chest-CT (CECT) at least once within 2 years after lobectomy were selected for this study. The pathological staging was based on the 7th edition of the Union Internationale Contra le Cancer (UICC) staging system with the tumor-node-metastasis (TNM) classification. Our institutional review board approved this retrospective study and waived the requirement for informed consent.
Surgical resection
Two-port video-assisted thoracoscopic surgery (VATS) was performed for all cases except those with chest wall invasion, bronchial invasion, or pulmonary vessel invasion. The VATS procedure was converted to an open thoracotomy as needed. Lobectomy was performed as follows. First, the PV was divided using a linear stapler.
Second, a few branches of the PA were divided either with ligations or linear staplers. Finally, the bronchus was divided using a linear stapler.
Prophylaxis for thrombosis
No perioperative or postoperative prophylactic heparin was administered, although the patient was administered graduated-compression, antiembolism stockings.
Postoperative adjuvant chemotherapy
Postoperative adjuvant chemotherapy was indicated for all patients who gave informed consent except for patients with Stage IA. Some of the patients with pT1bN0M0 stage IA were prescribed UFT for 2 postoperative years. Other patients underwent intravenous chemotherapy. The following patients who underwent chemotherapy were classified into the group without chemotherapy for the analyses: the patients who discontinued UFT within 2 months, and the patients who discontinued intravenous chemotherapy within 1 cycle.
Postoperative follow-up
The patients who underwent lobectomy returned every 3 to 6 months for measurements of serum tumor markers and either chest CT or chest X-rays for the first 2 years, and then every 6 to 12 months for the next 3 years.
The length of the PV stump
We hypothesized that a thrombus in the left superior PV (LSPV) stump was due to a longer stump than other PV stumps. Therefore, the length of the PV stump was measured using the three-dimensionally reconstructed images of the PV after lobectomy. Thirty-eight patients who visited our hospital for postoperative follow-up from March 2010 to December 2011 and gave informed consent for use of contrast medium were selected.
The length of the PV stump was measured with the view showing the longest PV stump (Fig 1a and 1b) .
Statistical Analysis
Univariate and multivariate analyses were performed using the Mann-Whitney U test or Fisher's exact test, and logistic regression analysis, respectively with Stat Flex ver.6.0 software (Artech Co., Ltd., Osaka, Japan). A p value of less than 0.05 was considered significant.
RESULTS
Frequency and risk factors for PV thrombosis
Of the 193 patients, 7 patients (3.6%) had thrombus in the PV stump. Figure 1c shows the three-dimensional image of the LSPV stump with a thrombus. All patients with thrombus had undergone LUL (7/52; 13.5%) and had normal values of D-dimer and fibrin degradation products when they were found to have the thrombus. The median postoperative period to detect the thrombus was 3 months (range, 2 -19 months). Of the 7 patients with thrombus in the PV stump, 6 were found to have the thrombus on the first CECT after lobectomy. Six patients underwent anticoagulant therapy followed by successful disappearance of the thrombus. The other patient developed cerebral infarction on the same day as the CT that showed the thrombus was done.
Univariate analyses revealed that LUL and operation time were significantly associated with thrombus in the PV stump (p<0.001 and p=0.045, respectively; Table) . Adjuvant chemotherapy was marginally associated with thrombus (p=0.054). Multivariate analysis could not be performed for statistical reasons because all patients with thrombus underwent LUL.
The median postoperative follow-up period was 25 months (range, 4 -75 months). Three patients developed cerebral infarction; 2 had undergone left lower lobectomy (LLL) and 1 LUL. Of these 3 patients, only the 1 patient with LUL was shown to have thrombus on CECT. The causes for cerebral infarction of the remaining 2 patients after LLL were suspected to be carotid artery plaque in 1 and unclear in 1. None of the 3 patients developed or had a history of arrhythmia.
The length of the stump of the pulmonary vein
The subjects consisted of 13 right upper lobectomies, 9 right lower lobectomies, 11 LUL, and 5 LLL patients. The LSPV stump was significantly longer (median length 1.71 cm; range, 1.15 -2.60 cm) than the right inferior PV stump (median 0.50 cm; range, 0.31 -0.90 cm), the right superior PV (RSPV) stump (median 0.56 cm; range, 0.21 -1.80 cm), and the left inferior PV stump (median 0.54 cm; range, 0.39 -1.10 cm) (p=0.0003, 0.0002, and 0.0018, respectively; Fig 2) .
DISCUSSION
In the present study, the frequency of and risk factors for thrombus in the PV stump after pulmonary lobectomy were identified for the first time. Thrombus in the PV stump after lobectomy occurred in 3.6% of patients. All patients with thrombus in the PV stump had undergone LUL, and 13.5% of patients who underwent LUL developed thrombus. Univariate analyses revealed that LUL and operative time were the risk factors for thrombus in the PV stump. Adjuvant chemotherapy was a marginal risk factor for thrombus.
There have been some reports about the causes of PV thrombus: idiopathic, radiofrequency ablation for atrial fibrillation, pulmonary arteriovenous malformation, and pulmonary arteriovenous fistula [7] [8] [9] [10] [11] . These thrombi sometimes cause embolism to vital organs [8, 11] . Lung resection, lobectomy, lung torsion, and lung transplantation have previously been reported as causes of PV thrombus [12] [13] [14] [15] . There are two types of thrombus in the PV stump after lobectomy. As in the 6 previously reported cases [1] [2] [3] [4] , one is a floating thrombus in the PV stump that could cause embolism to vital organs. This type of thrombus may be caused by stagnant blood flow in the long stump of the PV. Another type is thrombus in the stump of the RSPV branch after right upper or middle lobectomies; such a thrombus could obstruct the remaining branch of the RSPV. This thrombus has been reported in 8 cases [16] [17] [18] [19] [20] [21] [22] ; it may be caused by damaged vascular endothelium and is likely to cause obstruction of the remaining branches of the RSPV rather than embolism to vital organs.
In the present study, a thrombus in the PV stump after lobectomy was detected in 3.6% of all patients and 13.5% of LUL patients. There have been only 6 case reports of PV stump thrombus so far, although it seems to have been relatively frequent after lobectomy in the present study. This might be because postoperative follow-up was mostly performed using plain chest CT rather than the CECT used in other institutes. Most guidelines for follow-up of lung cancer after curative-intent resection advocated by various organizations, including the American Society of Clinical Oncology (ASCO), the American College of Chest Physician (ACCP), the National Comprehensive Cancer Network (NCCN), and the European Society for Medical Oncology (ESMO), recommend follow-up with plain CT or without CT [23] . In our institute, postoperative follow-up had previously been performed with plain chest CT. After we found a patient who had undergone contrast-enhanced chest CT for a checkup of another disease and was incidentally found to have a thrombus in the PV stump, CECT was performed at least once for postoperative follow-up. This might be the reason why we found more patients with thrombus than other institutes. We anticipate that more patients with thrombus in the PV stump would be found in other institutes if they carefully searched for it with CECT.
In the present study, the median postoperative period to detect a thrombus was 3 months. Most cases of thrombus in the PV stump were detected on the first CECT after lobectomy. These results suggest that thrombus in the PV stump might develop relatively soon after lobectomy. There might be some patients who had developed the thrombus in the PV stump at an early period after lobectomy but it had disappeared spontaneously before it was found. Thus, we might have underestimated the frequency of the thrombus.
It was also shown that the length of the LSPV stump was longer than the others by measuring the length of the PV stump using the three-dimensional images of the PV reconstructed from CECT images. Although there was no direct evidence to show that the length contributed to thrombus formation, stagnant blood flow in the long stump of the PV might have contributed to thrombus formation.
If the longer stump of the PV is responsible for the thrombus in the PV stump, one may argue that we should divide the LSPV in order to form a shorter stump and prevent development of such a thrombus. This could be done if the LSPV was divided in the pericardium. However, it is not practical to undertake this maneuver for all patients because of the complicated and invasive nature of the procedure. Moreover, it is premature to conclude that short stumps prevent thrombus formation.
It remains arguable whether detection of the PV thrombus and anticoagulant therapy would prevent embolism.
In the present study, all patients with thrombus in the PV stump had normal values of D-dimer and fibrin degradation products when they were found to have thrombus. Therefore, blood tests would not identify high-risk patients for thrombus. To address these issues, we are accumulating evidence regarding thrombus in the PV stump after lobectomy using CECT.
CONCLUSION
In the present study, thrombus in the PV stump after lobectomy was relatively frequent after LUL. Routine CECT should be recommended for patients after LUL to help identify patients with a high risk for thromboembolism.
Because thrombus in the PV stump may have been overlooked until now, a multicenter clinical study is needed to elucidate the frequency and causes of PV thrombus and the necessity for anticoagulant therapy.
